The Atlantic Wolffish (Anarhichas lupus) is listed by Canada's Species at Risk Act as a species of special 2 concern. Effective conservation strategies rely on accurate knowledge of habitat requirements, 3 distribution, and vulnerabilities; however, current management plans cite lack of wolffish habitat data as a 4 key limitation. For this study, coastal Atlantic Wolffish denning habitat was characterized and mapped 5 with high resolution multibeam data and seafloor video in Conception Bay, Newfoundland. Four Atlantic 6 Wolffish dens, used for feeding, spawning and egg-guarding, were surveyed and mapped. Based on the 7 geomorphology and substrate of these dens, a supervised classification was applied to the multibeam 8 bathymetry and backscatter data to identify other potential denning areas. Predicted denning habitat, 9
requirement for all species of Special Concern, and the identification of areas that are important to 25 population recovery (i.e. nurseries, spawning areas and feeding grounds) is a key information gap for all 26 three wolffish in Canadian waters (Kulka et al. 2007 ; Dutil et al. 2014 ). This paper presents recent efforts 27 to characterize, predict, and delineate Atlantic Wolffish habitat in a coastal area known to be occupied 28 year-round. Only 1% of high density Atlantic Wolffish trawl sets were caught in areas with dissolved oxygen below 68 35% saturation; the majority (69%) of high density catches were retrieved in areas of oxygen saturation 69 over 55% (Simpson et al. 2013) . 70
Temperature is also a significant driver of Atlantic Wolffish distribution, and as a result the species has 71 been called a "temperature seeker" (Simpson et al. 2012) or "temperature keeper" (Kulka et al. 2007 ). In 72
Newfoundland waters, Atlantic Wolffish are found between -1 and 10° C, and offshore trawl catch 73 biomass peaks within the narrow 1-4° C range (Kulka et al. 2004 ). Dive surveys in the St. Lawrence 74 estuary found that resident wolffish were vertically limited by the thermocline associated with the Gaspé 75 current (Larocque et al. 2008 ) and research in the North Sea also indicates that distribution of wolffish is 76 related to temperature (Liao and Lucas 2000) . Temperature is particularly important to early life stages. 77
Overall, Atlantic Wolffish hatch success was reduced when temperatures were above 7° C (Pavlov and 78
Moksness 1994) and normal fin ray development did not occur in incubations of 9° C or warmer (Pavlov 79 and Moksness 1995). Once hatched, however, larvae and fry may seek slightly warmer waters. Atlantic 80
Wolffish larvae raised under controlled conditions by McCarthy et al. (1998) demonstrated highest 81
specific growth rates at temperatures of 11-14° C, however survival was highest among fish raised at 8° 82 C. Similar results were found for juvenile Atlantic wolffish between 9-12 months of age, with optimum 83 temperatures for growth rate and efficiency between 9-11° C, but slightly higher survival at 8° C 84 (Templeman 1985) . As ocean conditions change, optimal habitat will continue to shift, and 91 may deteriorate or disappear completely in some areas. It is important to understand the vulnerability of 92 both occupied and potential habitats to anthropogenic impacts, including fishing effort, coastal and 93 offshore development, and climate change. 94
Current knowledge of wolffish distribution is limited by relatively sparse records of the species and poor 95 understanding of their habitat (Dutil et al. 2014 
Seafloor Video 121
Ground-truthing of the study area was conducted in the summer and early fall of 2014 (June-October) 122 through ship-based Deep Blue Pro drop video camera with video-embedded GPS overlay. Video surveys 123
were conducted from two vessels throughout the study season: a 22ft Boston whaler (the DFO 124
Newfoundland Seaskiff) and an 18ft rigid hull inflatable boat (RHIB) provided by Tangly Whales Ltd. 125
Continuous position of the survey vessel during transects was recorded by a WAAS enabled Garmin 126 eTrex-10 hand-held GPS with an estimated horizontal accuracy of <3m. This method avoids the use of 127 high-cost underwater positioning equipment (ex. Ultra-Short Baseline systems), however it assumes the 128 camera system remains directly below the vessel and therefore data collection is limited to very calm 129 weather conditions, relatively shallow waters and small survey platforms. Forty-five depth-stratified, 130 randomly distributed sample stations were identified and thirty were successfully sampled ( Figure 1) . 131
High sea states prohibited survey efforts beyond Biscayan Cove in the northern portion of the study area. Biological communities were identified using the PRIMER-E v.6 statistical software. Species counts were 151 standardized for transect length and fourth-root transformed to prevent one or two very abundant species 152 from dominating analysis of species composition similarity between sites. A Bray-Curtis similarity matrix 153 was generated for the transformed data. Samples were grouped by underlying substrate type and tested for 154 significant differences in species composition through non-metric multi-dimensional scaling (MDS), and 155 analysis of similarity (ANOSIM). Biologically similar substrates were merged to represent community-156 level habitats. Accuracy of the resulting map was calculated through an error matrix comparing predicted 157 habitat (based on unsupervised classification of multibeam substrate) and biological community (based 158 observed species composition and abundance in the video data). Through this method, the full 159 groundtruthing survey was available as an independent dataset for accuracy assessment of the multibeam-160 based habitat map. A similarity percentages (SIMPER) analysis was also conducted to identify the 161 characteristic taxa of each habitat. hydrophone has an estimated detection range of 3.7km, allowing broad scale assessment of presence and 169 movement behaviour. Unique ping records were used to plot the paths of individual fish, and to identify 170 trends in seasonal detection rates. 171
Targeted SCUBA surveys were conducted over two days (August 5-6, 2014) to record 25m video 172 transects at each den, travelling parallel to shore. All visible species were identified from the videos to the 173 lowest taxon possible. The geomorphology of the confirmed den sites informed a supervised classification 174 of multibeam data for the whole study area. Classification rules were generated for depth, backscatter 175 value, slope, and distance to high slope, in order to identify areas similar to the wolffish dens. Areas that 176 conformed to the den classification rules were plotted to generate a map of potential Atlantic Wolffish 177 denning habitat within the study area. Temperature data from conductivity, temperature and depth (CTD) 178 sensor casts and temperature loggers moored near the den sites throughout 2013 provided characterization 179 of the oceanographic conditions (see Simpson et al. 2015 
for full methods). 180
Recreational divers and citizen scientists were also invited to report sightings of Atlantic Wolffish 181 through the Newfoundland Thornback Dive Club network. Reported wolffish sightings were mapped to 182 demonstrate the prevalence of inshore wolffish habitat beyond the study area and to inform future survey 183 efforts. (Table S1) . 211
Characterization of Benthic Habitats 212
The three distinct biological communities and their corresponding substrate types are mapped in Figure 5 . 213
Substrate classes 1 and 2 were combined into a single habitat class, representing shallow boulder and 214 bedrock habitats, including occasional patches of cobble, gravel, coarse sand and mussel hash between 215 boulders. These communities are characterized by high density of green urchins and blue mussels 216 The areas identified as 'boulder/bedrock' habitat (6.99 km 2 ) were restricted to shallow depths, where 224 coastal bedrock does not gather silt and where coralline algae receives sufficient sunlight (depth < 50m). 225
The 'muddy cobble and gravel' habitat was found to be the most prevalent habitat in the study area (16.34 226 km 2 ) across the greatest depth range (50-150m). The 'mud' habitat (3.74 km 2 ) was found in deep 227 (>125m), low slope areas, though small patches of this habitat were predicted to occur in depressions 228 sheltered by high slope bedrock and boulder features in the northern extent of the study area. 229 Table 1 presents the error matrix generated to evaluate the accuracy of the habitat map. Producer's 230 accuracy refers to the likelihood that a pixel in habitat X will be correctly classified as Class X. User 231 accuracy refers to the likelihood that a pixel in classified as X truly represents habitat X. only 5% carried out long distance movements beyond the study area (Simpson et al. 2015) . The spatial 272 resolution of this data provided useful information on the presence and movement of Atlantic Wolffish 273 throughout the year; however it could not be applied to fine scale occupation of substrate or habitat types. 274
Presence was relatively consistent in the study area, and behaviour of most wolffish was sedentary. 275
However, detection rate (% of released tags that were detected, calculate monthly) varied over time 276 
Prevalence of inshore Atlantic Wolffish habitat in Newfoundland 283
Recreational divers of the Newfoundland Thornbacks Dive Club reported wolffish dens at thirteen 284 locations, including Newfoundland west and south coasts and the Avalon Peninsula. Figure 9 shows the 285 reported locations in addition to those previously reported by Kulka (2004) The Atlantic Wolffish denning habitat surveyed for this study provides high densities of prey species, 309 including green urchin, blue mussel, and rock crab. In coastal areas, green urchin appears to be the most 310 important prey item, up to 75% of overall diet by weight (Keats et al. 1986 ). Previous SCUBA surveys in 311 this area have recorded evidence of feeding debris at den openings, confirming that the inshore habitat is 312 used for foraging in addition to providing important habitat for reproduction and early life stages 313 with a mean depth of 60m. Still, the den-forming bedrock and boulder features are most prevalent and 369 most continuous between 7-40m, within the range influenced by highly variable and warming surface 370 temperatures. For the Atlantic Wolffish, which exhibit a low-fecundity/slow-growth life history and lowD r a f t important to achieve a better understanding of the distribution and vulnerabilities of this habitat. The 379 research presented here has shown that high-resolution multibeam data provides a powerful surrogate for 380 characterizing nearshore habitats with high accuracy, and these data can be applied as a useful tool for the 381 identification of potential Atlantic Wolffish denning habitat. Potential denning habitat mapped by this 382 study was distributed unevenly, and made up less than 6% of the study area. 383
Although the decline of Atlantic Wolffish abundance in Canadian waters has slowed, and perhaps stopped 384 
